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NATIONAL ADVISORY -COMMITTEE FOR ABRONAUTICS

TECHNICAL NOTE X¥O, 873

BENDING TESTS OF A MONOCOQUE BOX

By Albert E, McPherson, Walter Ramberg, and o
Samuel Levy _ S T T

SUMMARY

A monocogque box beam consisting of a 245-T aluminum-
alloy sheet reinforced by four bulkheads and by longitu-
dinal stringers and corner posts was subjected to bending
loads as follows: pure bending about the 1ift axis, can-
tilever bending about the 1ift axis, and pure bending .
about both lift and drag axes. Longitudinal strains wers
measured for loads up to a load at which permanent set
became measurable. The loads were sufficient to produce
buckling of the sheet between stringerg on the compres-
sion side of the box. The only noticeable effect of this
buckling was a small increase in extreme-fiber strain on
the compression gide, The measured strsins and measured
deflections differed less than 10 percent from those com- _
puted from the simple beam theory after taking account of
the effective width of the buckled sheet, The effect of
the bulkheads on the distribution of gstringer strain was L.
negligible, _ - E

INTRODUCTION ' Toe e s

The bending tests of a monocoque box described in
this paper are part of an investigation on monocoque 0
boxes conducted at the National Bureau of Standards for
the National Advisory Committee for Aeronautics. The L
purpose of this investigation is to study the stress dls-
tribution .and the deformation of & monocoque box of tyn-
ical design under comptressive loads, bending loads, and
torsional loads.. The compressive tests are reported in o
reference 1, Torsion tests are reportea in reference 2 =
A test to failure has not vet been made - L e e oo
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SPECIMEN

The over-all dimensions and. the design of the mono-
coque box specimen are given in figure-l., A detalled
description of the specimen and stress- straln graphs of
the material are given in referencs 1,

TESTS

Fure Bending about Lift Axils.

Procedure.—~ The method of applying a pure bending
moment about the 1ift axis of the monocoque box is shown
in figure 2., A pair of steel booms A having a length of
- approximately 72 inches was rigidly fasftened to the steel
end plates B of the specimen. The speclimen was then
mounted in a vertical testing machine of 600,000-pound
capaclty by suspending the ends of the boom from two
palrs of rods D the upper. ends .of whioch were attached to
the towers E, which in turn were fagtened to the bottom
platen C of the testing machine., The load was applied to
the end plates B of the specimen through two pairs of rods
F the bottom ends of which were connected to the cross
beam G, which in turn was loaded by the head E of the
testing machine.

The deflection of the box under load was measured by
five pairs of 0.00l-inch d4ial miorometers mounted on a
reference channel I (fig. 2) the ends of which were sus-
pended near the ends of the svecimen by a pailr of flexure
plates J,7 The rods K were placed between the spindlee of
the dlals L and center punch marks on the corner posts at
pointe spaced about 9,6 inches.

The strains at the stringers and at the corner posts
were measured by Tuckerman optical strain gages using the
technlique described in reference 1. The straein gages on
the top face of the box were read from the wooden plat-
form over the specimen shown 1in figure 3.

The load was at first increased in steps of 18,000
pound~inches and deflections and strains were read for
each load. The load was released to zero after each in-
creage of 36,000 pound~inches in order to determine per-
manent set. - Above 288,000 pound-inches, the load was
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increased in steps of 36,000 pound-inches and after each
increase the load was returned to 288,000 pound-inches %o
determine permanent set. Permanent set became noticeable
at a load of 504,000 pound-inches. Thig lcad was chosen
as an upper limit in order not to deform the specimen per-
manently. o ' '

Results,~ The strains at the gtringers and at the
two corner posts on a line across the compression face at
the center section of the box are shown in figure 4. The
strain in the stringer at the point of contact with the
sheet was calculated from the two observed stringer
gstrainsg on the assumption that plane sections in the
stringer remain plane, The strains across the compression
face were practically uniform at all loads both before and
after buckling of the sheet between stringers,

Figure 5 shows straine at four pairsgs of gage lines on
the top center stringer, .Two pairs of the gage lines were
close t0 a bulkhead and the other itwo were gpproximately
midway between bulkheads. The strain on the sheet gide
of the inner flange was calculated from the observed
stringer strains on the assumption that plane sectionse in
the stringer remain plane. The stringer strging were gen-
erally higher at the outer flange than at the gheet and
the ratio of the strains was about the same as the ratio
of the distances from the meutral fiber, 1,17. This re-
sult indicates that the simple beam theory holds approxi-
mately even after buckling of the sheet between stringers.

The strains at the corner posts are plotted against
moment in figure 6., The compressive gtrains on the left
and right exceeded the corresponding tensile strains on o
the left and right, respectively, for moments greater than
10,000 pound~inches by amounts that gradually increased
to about 5 percent for the highest moment,

The strains at the gsheet sides (inner flange) of the
stringers and the strains at the tops of the outer flanges
of the stringers are plotted against moment in figure 7.
The straing at the sheet side of the stringers are nearly
the same on the compression face as on the tension face
of the box. The difference between the strains on the
sheet sides and those at the tops of the outer flanges of
the stringers is greater for the stringers carrying com-
pression than for the stringers carrying tension, This
regult indicates that the stringers are bent more on the
compresslion face than on the tension face of the box.
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The deflection curve as indlcated on the diale is
shown in figure 8. The deflection curve remalned & pa-~
rabola throughout the tests. The center deflections rel-
ative to points 9 é inches and 3%9% inches from the cen-
ter are plotted against the load in figure 9. The center
deflection was directly proportional to the load within
the error of measurement,

Experimental values of the effective flexural rigid-
ity BI were obtained by substitution of the atrain
readings at the corner poste (fig, 6) 1n

BL = Mn/(éym o) (1)

where M ;s'ﬁhe:external_bending_moment and ., €5 and eg
are the strainsg measured at fibers that are a distance h
-. apart, These values are plctted againast the bending mo-
ment in figure 10, : : - . -

Experimental valuea of the flexural rigidity were
also obtalned by substitution of the values of center de-
flections relative to points 39% and 9% 1nches from the
center (fig. 9) in _ _ . :

EI = M1%/8a . . (2)

where 4 4is tHe center deflection bvér_a span . .1. thse
values of. EI. .are =zalso plotted againe{ the bending moment
in figure 10, ' -
Theorstical iélues of EJ .és.amfuﬁdﬁiéﬁwqﬁ M were
obtained as follows: . Below the buckling loagd the moment

of inertia . I was computed in the usmal pannegr from the
eross~gectional dimensionsg as : -

I =192 in.4

Young's.modulus . B was taken as an average value (see
table I of reference 1) . Ce o ..

E .= 10,8 x.‘"io6 1v/sq in. .
Wlth the beginnlng of buckliﬂg £he moment of Lnertia ie
reduced a.small amount VTS U

.' ,.-.--!' —k . '—- - AI = QQAA :.- -: ‘ -'_",-_ -.-_ » ._‘ -'(3)

where

=



y
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c distance gf sheet from neutral fiber, B inches

AL =1 (b - w)t = bt (1 - ) A 9
n number of sheet baye,'s :

b averaée width of sheet between stringers, 4 inches

t sheet thickness, 0.0265 inch

w effective width of sheet between stringers

The compression test (reference 1) had shown that
the effective width was in agreement with Cox's formula

= o
% = 0.14 + 0.85 er . - . (B)

where

Oop theoretical value of buckling stress for rigid
clamping of sheet at the edges, 2880 pounds per
square inch : .

o edge stress which isg, in this case, related to the
bending moment M by o = Ke/I '

Substitution of this value in eguations (3) to (5) gives

AL = 0,547 - 180/ M ' ' (6)
and
EI = B(Ig - c®aa) = 10.6 x 10° (192 - 28a4) (7))

Equation (7) is shown as a curve in figure 10, The com-
puted values of EI agree clogely with values obtained
from the observed strainsg measured at the corner posts.
They agree, within the accuracy of measurement, with the
points determined by deflection measurements. '

The strains in the inner and the outer flange of the
Z-stringers were calculated from .

€, = My/BI .  .' - (8)
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where’ EY -ig the compressive strain for a fiber nt a

distance y from the neutral fiber of the box (y taken
as positive on the compression side). Above the buckling
load the logs in effective width of sheet on the compres-
sion face causes the neutral fiber to shift, so that

¥ = yo * caA/A ‘ - (9)
where
Yo distance to neutral fiber before buckling
cOA/A  shift in neutral fiber due to buckling

A crose-sectional area of baex, 8,46 square inches

Substitution of (9) -and (?) in (8) gives

AA c a A
€ = € [l + <;—— + o -——)] (10)
'Y . .Yo A 0 IO .
My o .
where € = and denotes the strain in the absence
Yo EIo

of buckling.

Substitution of the given numerical values and ygq

= 5,04 inches and y = *5.89 inches for the inner and
the outer flanges of. the stringers, respectively, gives
the curves shown in figure 7. The measured etrains for
the flanges of the stringers on the compression face of
the box are in close agreement with the calculated
straing; the other measured strains are greater than the
calculated strains by emounts that approach 10 percent at
the highest loads.

Cantilevér.Bending about Lift Axis

Procedure.~ The monocoque box was sub jected to can-
tilever bending aebout the lift axis by loading it, ae
shown in figures 11 and 12. In order to achieve thig
loading, one of the booms A in figure 2 was removed. A
downward locad F was applied by the head H of the test-
ing machine and this load was balanced by the reaction P
at the left end of the specimen and D at the end of the

-’
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tions in figure 31.. The. strains increase linearly with

NACA Technical Note No. 873 o7

boom on the right of .the specimen, -.These loads subjected

the monocoague box to a constant vertical sﬁearlng force P

and a bending, moment that. increased linearly from zero at

the left. end of the specimen to a maximum at the ffgﬁt

end,. BN . - Ll '

M P T : . ST e *-—“"-r'—-—r -y - - —

_ Defléctions and strains were measuréd as for the pre—

vious test, Figure 13 shows the method of attaching

strain gages to read strains at the center section of the

box. Permanent set became moticeable at a load of 14,000

pounds. This load was therefore chosen as an upper limit

to the loads applied to the specimen.

_ R&sults.- Strains were read at five sections normal-
ly 42, 49, 67, 62, and 70 inches from the line of loading
P at the free end of the box. The results for the five '
stringers on the top face of the box are given in figures
14 to 18. The strains varied linearly with the distance
from the line of loading P at the end of the bex except
for irregular deviations of less than 4 percent. The de-
vigtions show no sysitematic decrease in strain in going
from the corner posts to the center stringer, such as
would be expected from shear lag. Strain readings were
checked by repeating the tests at some locations. The
check values in no case differed more than 3 percent from
the 'original values. - -

Stringer strains at a section pear a bulkhead and a
section midway between bulkheads are shown 1in figures 19
and 20, respectively. . : : e

The strains are generally higher on the outer flange
than on the. inner flange. The ratio of the strains is
about the same as the ratio of the distances from the
neutral fibver, 1.16.

The centroidal strain for the bottom stringer and
the average of the centroidal strasins for the five.top
stringers -are plotted against the load for the five sec-

e

the load up-to g strain of about 0.00025. ‘This strain
approximates the theoretlcal strain of about 0.00027 for
buckling of & long sheet 0,036 inch thidk c¢lamped by
stringers spaced .4 inches (see ‘table 35, p. 345, refer-
enée  3). The ‘observed strains- agree cloaely withi those
caldulated from eauation (10) except in the case of the _
strain observed on the tension side at the center stringer.
At the maximum load, this- strain exceeded the calculated
strain by 7 percent. :
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The corresponding data for the strain in the corner
‘posts are shown in figure 22 for the center section of
the box. Strains calculated from equation (10) are shown .
for comparison with the measured values. Calculated and
measured strains agreed within 2 percent at all loads.
There i1s a break in the curve through the points at a s
strain of about 0,.,00027 corresponding to buckling of the
sheet on the compression gside,

The defléction curve relative to polnts on the bean
10% inches in from each end is given in figure 23,
Points 10% inches in were chosen to gvoid the effects of
the end reinforcenénts. The shape:of the deflection curve
corresponds to that for a cantilever beam computed from

: §'=I3(1-2a/t) [ <— ) l> <l..§. %ED % f;] ()

where . . . . . . . . : — e -z

vy deflection at a point a distance x from the free

.end of the.beam relative to a line through points

a Gistance a from the loagd pointw . .
d center deflection [y(l/z)]
I length of beam between lead points

and

a 10,5 in,

} = 1001in.

The measured points show the same shape of deflection
curve for loadg above 2500 pounds as for smaller loads,
although buckling of the sheet on the compression side
became noticeable at a load of about 2500 pounds.

The center. .deflecdtion relative to a line through
points 10% fnches from the enda.of the box is plotted .
againgt end load .in _figure 24. The deflection lncreases -
slmost linearly with the load with a slope P/d = 50,000
pounds per -inéh, showing that the buckling -of the sheet
was not sufficient to lesgsen appreciably.the flexural v
rigidity. The slope P/d was substituted in the equa-
tion for center deflection, .
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ST L ae
¢ = TE1 (1 - -) T e

0btainéd from the simple beam theory. The resulting ex-
perimental value of .BI isg - o o el

" . EI.=.198,7 x 10°% 1p-in.2

This value:.differs less than 2 percent, fbom.the value for
no dbuckling given in figure 10 gnd less than 1/2 percent
from the average value in flgure 10

Pure Bending about Both Lift and Drag Axes
Procedure.-~ The monocogue box was subjected to pure
bending moments about both 1ift and drag axes by loading
it as 'shown 1in figure 25, The test differed from that .
illustrated in figure 2 only in having the box rotated _
through an angle of 18, 43° with ‘respect to the load 11nes.
The moment about the lift axis was, therefore

. ‘I . o
My = M cos 18.43 = 0,9487 H _ (13)

- Lt P . Lo-

and the moment about the drag axis.wae

Mp = M sin 18,43 = 0.5162 ¥ (14)

The ratio of %the moment about: lift axis to the moment . :_ _;_
about the drag axis was 0,9487 M/0.3168M = 3,

Deflectlons and-strains on the outstanding. flanges
were measured a§ For the previons-tests.- A somewhat _
different techmnique was used, however, for holding down
the lever transfere:and for preventing these transfers
from tipping-on the inclined face  of the box. Force was
appliéd to the top.of the transfers by a rubber bend at-
tached to a' ¢lip,” which was cemented to the box at a - o
rivet head, The transfers were held perpendloular to the
face of the box by a long thread. Figure 26 shows at I
the reference bars from which the lateral deflections
were measured and at J , one of the flexure plates sup-
porting the reference bars. . Tuckerman strain gages and
a lever transfer for reading the strain in the bottom-
center stringer are shown at X. These gages had g0°
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prisms attached to allow reading from the side of the

specimen. Permanent set became noticeable at a load of

14,500 pounds. This load was therefore chosen as an upper .
limit for the loads applied to the specimen.

Resultgs.~ Strains were determined at the center sec- .
tion of the specimea. The results for the flve stringers —
on the top face of the box, the corner posts, and the
center sitringer on the bottom face of the box are glven
in figures 27 and 28, The strain in the stringer at the
point of contact with the cover sheet was calculated fron
the two measured stringer stralins on the gssumption that
plane sections in the stringer remain plane. The stralne
across the top and the bottom of the box deviated from
linearity by less than 4 percent for the top (compression)
face and by less than 6 percent for the bottom (tension)
face. Buckling of the compression face started in the
top corner -at a moment of 72,000 pound-inches and had
spread 1o the region between stringer 5 and the other
corner of the box at a moment of 108,000 pound-inches.

The -buckling aid not cause a noticeable change in the
strain distribution, .- . . .

The strains in the corner posts are plotted against ..
moment in figure 29, The -compreéssive straine exceeded .
the corresponding tensile strains at all loads by about
8 percent., All the corner post strains increased line- .
arly with the moment, o '

The measured .strains .in the atringers are plotted
against moment in figure 30, The straine increased line-
arly with the bending moment. The dbuckling moment (about
50,000 1b~in,) was too low to indicate.a measurable change
in slope of the strain-momeént curves of figures 29 and 20,

The location of the line of zero strain (neutral
axis) was determined on the assumption that the strain _
varies linearly between points on the center section,

The location of the. axis at the maximum apolied moment
(M = 522,000 1b~in.) 1s given in figure 31, The location
of the neufral axls was determined from the observed

_strains by the method of least squares, Buckling of the .
compression face caused a shift downward of the neutral .
axis of 0,40 jnch; moments about the drag axls one-third

ag.large as the moments about thg 11ft axis cauvsed the s
neutral axis to rotate about 2.6  with respect to ite ‘

_poegition for moments about the 1lift axis alone,
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The deflection curve normal to the 1ift axis as indi-
cated on the dials is shown in figurs 32, Center deflec-
tions normal to both the drag and the 1lift axes were also
measured (fig, 33), The ratio of the defleétions with _
respect to the 1ift and the drag axes indicates (fig. 33)
that the box bent about an aexis inclined about 3° with. |
respect to the 1ift axis. Additional measurements normal
to this new axis (meutral axis) were therefore made (fig.
84). The deflection about either the lift axis or the
neutral axis approximates a parabola at all bending mo-
ments (figs. 32 and 34). The center deflection (fig. 33)
is directly proportional to the moment. o S

. . Exﬁerimepﬁal values for the effective flpxﬁral figi@-
ities (EI); and (BI)p about 1ift and drag axes, respec- '

tively, were obtained from the strain readings at the
corner posts (fig. 29), on the assumption that plane sec-
tions -remained plane, by substitution in equation (1).
The values obtained are-plotted against the total bending

moment in figure 35, _ . .

Additional experimental values of .the flexural rigid-
1ty about the 1ift znd drag. axes were. obtained by substi-

_%uting in equation (2) the values of the center deflection

relative to points 28% inches from the center plotteﬁ in
figure 33, :.These values of (EI)y and (EI)p are also

plotted against the total bending moment in figure 35.
The large scatter in the points thus obtained for (EI)p

is due to the difficulty of accurately measuring the’
small displacements normal to. the drag axls.

-

The twist between sections 12 and 27 ‘inches from th
transverse center line of the box was méasured using the
method described in reference 2, The twist measurements
were made on the diagonally opposite, most heavily
stressed corner posts.’ One of the twist gages 1s shown
at L in figure 26. The twist was 2 X 107° radians per
inch on the compression corner post and 0.5 X 10'5radiaq
per inch on the tension corner post for a moment of
522,000 pound-inchés. These twists .are %00 small o0 be
significant. e -

Theoretical values .of (EI); and (EI)p as a function

of M were obtained as follows. Below the buckling mo-
ment the moments of inertia were computed in the usual
mgnner from the cross—-sectional dimensions as
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Young's modulus - E was taken as an average value (see
table I of reference 1): :

E_='1o 6 x 10° 1b/sq in.

With the beginning of buckling the moment of inertia is
reduced, .The:compression test (reference 1) had shown .
the effective. width to be in agreement with Cox'!e formulae
(equation (5)).  In the present gape:the buckled shest is
not uniformly compressed because of the fact that both
1ift and drag momsnts are present,. An approximation to
the effective area. for this case was obtained by consid-
ering the effective area d4dA of strips of width d4dx of
the sheet a distance x from the drag axis, on the as-
sumption that the relation between dA° and axial stress
¢ in the strip was given by Cox's formula:

dA = td x (0.14 + 0.85 /ccr/c:) c >0

&A= td x . cSo

7 (18)

cr

where

Oop theoretical value of buckling stress for rigid
clamping of the sheet at the edges, 2880 pounds
per square l1lnch

and
_ BMI . an
;L I

which" gcorregsponds to the uéual férmﬁia g = Mcgl. Equa-~
tion (15). combined with equations (13) and (14) reduces
to L

46.6 IL ID

dA = tdx| 0,14+ — . - - - g>a
/M o/ 4.743Ip+ 0,3162 Igx _ er

(18)

dA= tdx T o< Ccr
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‘ :.- o 413_ i
(EI)L = B [ILO -LZP s (tax - dA)] (17)
- ’ h -3 A - - = . .

where S 1is the distance of gheet from lift axis.

and

. - otz L IR S
-(EI)p = B [IDO -[‘ - x8 (td.xf-.- a.ti)]..,-.' _,.(-j_'s)

i3

Bquations (17) and (18) are shown as curves in figure 35
using B = 10,6 x 108 pounds per square. inch: _The calcu-
lated stiffness agreed wlth the measured stlffness within
the error of measurement. The calculated decrease in
stiffness due to buckling of the sheet was to00 .small %o
be indicated by the measurements. . o

The’ neutral axis. rotated ow1ng to the moment ‘about

“tHe drag axig, which was one-third the moment-about the

1ift axis., The magnitude of this rotation with respect
to the pdsition-of . theé neutral axis with moment about %he
1ift axis alone is glven by the formula
B ST T ('E‘I)L LT ()—
S ' §e s L f1oo(19
(BI)p My _

-~ . . - E
H B -

When Mp ﬁ-B‘ME thls equatlon reduces 0 o - L

PRSI o '("E"I)L Dot T '.-'-;.-"'-.'-T?'.'='F“';._“——"(:f5:;6>
| B (BI)p . v - iz~ \2&

At the highest moment used, M = 522,000 pound-inches, the
values of (BI)p and (EI)p are.given in figure 35 as

-

]

(EI)p = 196 %X 10° 1b-in.?

ﬁE;)b ;,984¥x'107,1b7;n}3 o _"i;

Substltutlon of thede’ values in equation (20) gives—

¢ — -
.
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@ = 0,0664 radian = 3,8°

This value is somewhat larger than the measured value of
2.6° :

An estimate of the shear~lag effect for the canti-
lever bending test about the 1ift axis was made by Mr. raul
Kuhn of the Langley Memorial Aeronautical Laboratory of
the National Advigory Committee for Aeronautics as follows:

The shear-lag parameter is found fronm

a_ 0t (1, 1Y\_0,385x0,026
= E, i 7,20 (i 1a 7 0. 64) 0.0034

or K = 0,088

The shear-lag effect increases toward the root. The
strain~gage station c¢losest to the root-was x = 30 inches
from the root, therefore

Kx = 1,74 and XKL = 5,65

In a box of uniform section loaded at the tip, the ratio
of average stringer stress to0 Mc/I stress is given by
formula (A~7) of reference 4 asg -

sinh Kx 2.76
R =1 + = + 1,01
¥x cosh KL ~ ~ F T.72 x 142 = ¢

The shear-lag effect ig therefore about 1 percent, which
is overshadowed by the accidental errors indicated by
the dissymmetry of the experimental ocurve of chordwise
distridbution of astress.

OONCLUSIONS

When the monocoaue box was tested within the elastic
range by pure bending about the 1ift axis, the strains
across the compregsion face were practically uniform at
all loads both before and after buckling of the shest bDe-
tween stringers. The effect of the bulkheads on the
stringer strain distribution was negligible, The strains
in the stringer flangee indicated that, even after buok-
ling of the gheet, plane sections of the box remained
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plane. The deflection curve remained a parabola through-
out the tests and thé éenter deflection was directly pro-
portional to the load. Experimental values of the- -flex-
ural rigidity &EI determined from strain-—-gage readlngs

and center~deflection measurements agreed with theoretical

values within the accuracy of measurement, Measured
gstringer strains differed less than 10 percent from com-
puted strains after correction for shift in mneutral axis
due to buckling of the sheet.

When the monocogue hox was tested within the elastic
range by cantilever bending about the 1ift axis the
stringer straing varied linearly with the distance from

.the end load within 4 percent. There was no measurable

shear lags Observed and calculated stringer.strains
agréed within 7 percent. Observed and calculatpd corner
post strains agreed within 2 percent. The shape of the
deflection curve coincided with that of.a cantilever beam

.0f uniform section-for all .1oads. The center deflection
"incredeed almost linearly with the load showing that

buckling of the sheet was not sufficient to lower appreci-

ably the-flexural rigidity., The cwperimental value of EI

determihed from center deflection measuremenis was about 2
percent less than the value computed Tor no buckling, a
difference of less than 1/2 percent from the average value
for pure bending including buckling. - _ )
When the monocoque box was tested by pure bending
about both 1ift and drag exes (Mp = 1/3 My) the strains

across the faces of the box differed from linearity by
less than 4 percent for the compression face and 6 percent
for the tension face. 3Buckling of the compression face
¢id not cause s noticeable change in the strain distridbu-
tion., The corner-post strains increased linearly with the
moment and the compressive strains exceeded the tensile
strains at all loads by about 8 percent. The stringer
strains increased linearly with the moment. The strain-
moment curve showed no change in slope at the buckling
load of the sheet. At the highest moment measured, buck-
ling of the compression face caused a shift downward of
the neutral axis of 0.40 inch and the application of mo-
ments about both axes caused the neutral axis to rotate
2.6° with respect to the 1ift axis., The deflection curve
was a parabola, Experimental values of the flexural ri-
gidity about the two axes determined from the corner-post
gtrains differed less than 10 percent from computed val-
ues. Valuss of flexural rigidity about the lift axis
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determined from center deflection measurements differed
less than B percent from computed values. '

National Buresau of Standards,
Washington, D, C., July 10, 1942,
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